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Public  preferences  play  an  important  role  in  the  debate  about  which  technologies  to  include  in  a  future  energy 
system.  However,  these  public  preferences  for  specific  technologies  are  often  backed  by  little  knowledge  and 
they  may  change  in  different  contexts.  In  this  study,  we  identify  a  compact  set  of  main  attributes  for  energy 
technologies  (and  the  energy  system  as  a  whole)  based  on  the  preferences  expressed  by  a  sample  of  451 
respondents.  The  preferences  for  these  main  attributes  are  related  to  the  use  of  different  information  sources, 
prior  knowledge,  environmental  awareness,  and  socio-demographic  variables.  The  results  show  that  ‘risk  of 
catastrophe',  ‘economic  security',  ‘private  costs  and  discomfort',  ‘spatial  impact',  and  ‘price'  are  the  five  main 
attributes  that  the  public  discerns.  Further,  specific  information  sources  can  target  audiences  with  specific 
preferences  for  the  attributes  of  energy  technologies.  Prior  knowledge  ( knowing )  about  energy  technologies 
can  induce  further  the  use  of  information  sources,  while  environmental  awareness  ( caring )  promotes  making 
trade-offs  between  attributes.  Based  on  this  research,  policymakers  can  design  better  strategies  to  commu¬ 
nicate  information  to  the  public  about  technological  options  and  increase  awareness  about  the  necessity  of 
changes  to  the  energy  system. 
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1.  Introduction 

The  European  Union  aims  to  increase  the  share  of  renewables 
in  the  energy  system  to  20%  by  2020  [1],  Therefore,  many 
European  governments  are  increasingly  using  public  resources  to 
facilitate  the  transition  from  a  traditional,  fossil  fuel-based  energy 
system  towards  a  more  sustainable  one.  The  reasons  to  stimulate 
this  transition  process  include  the  growing  concern  about  the 
effects  of  greenhouse  gas  emissions  and  the  increasing  energy 
dependence  on  politically  instable  countries  [2,3], 

Many  studies  have  been  conducted  that  attempt  to  identify 
factors  that  promote  or  inhibit  the  transition  process  [4-6],  A  topic 
that  has  been  less  prominent  in  the  transition  debate,  however,  is  the 
issue  of  the  public  acceptance  of  these  new  energy  technologies  [7], 
However,  the  topic  of  public  acceptance  is  becoming  increasingly 
important  for  a  number  of  reasons.  Firstly,  the  development  and 
promotion  of  sustainable  energy  technologies  are  publicly  financed 
to  a  large  extent.  In  a  society  where  science  is  becoming  increasingly 
more  accountable  to  the  general  public  [8,9],  the  views  of  the  general 
public  have  to  be  taken  into  account  in  order  to  legitimize  the 
innovation  process  [10],  Recently,  it  has  been  argued  that  the  current 
debate  about  energy  is  mainly  an  elite  debate,  which  fails  to  engage 
the  opinion  of  the  public  [11  ]  or  in  which  it  is  often  unclear  how  well 
the  opinion  of  the  public  is  represented  [12].  Secondly,  in  recently 
liberalized  energy  markets,  demand  for  a  specific  type  of  energy  may 
directly  influence  the  development  of  these  energy  sources.  Finally, 
public  opinion  can  be  a  decisive  factor  for  the  failure  of  a  specific 
energy  project  [13,14].  For  the  aforementioned  reasons,  methods 
have  been  developed  that  attempt  to  manage  the  social  acceptation 
of  energy  projects  (see  [15]). 

Studies  that  look  into  public  preferences  as  a  measure  of  the 
acceptance  of  new  energy  technologies  often  limit  themselves  to  a 
specific  technology.  Examples  include  carbon  capture  and  seques¬ 
tration  [16],  wind  power  [17,18],  biomass  [19,20],  solar  energy 
[21  ],  and  nuclear  power  [22,23],  Notable  exceptions  are  the  studies 
by  Bergmann  et  al.  [24],  Borchers  et  al.  [25],  Zoellner  et  al.  [26], 
Bergmann  et  al.  [27],  and  Erbil  [28]  that  consider  a  larger  set  of 
energy  technologies,  and  meta-studies  that  combine  the  results  of 
public  preferences'  studies  [29],  Studies  that  consider  a  broad  set 
of  technologies  are  of  great  importance  given  the  fact  that  future 
energy  systems  are  likely  to  consist  of  multiple  energy  alterna¬ 
tives.  They  steer  the  public  debate  about  energy  in  a  more 
fundamental  direction  by  asking  what  we  want  our  entire  future 
energy  system  to  look  like,  instead  of  focusing  on  single  projects  or 
technologies. 

Forming  a  preference  requires  making  trade-offs  between 
various  attributes  of  the  technologies  (see  for  example  [17]). 
Examples  of  the  attributes  of  (new)  energy  technologies  that  were 
used  earlier  are  the  reduction  of  fossil  fuel  imports,  land  use,  the 
creation  of  employment,  and  the  price  paid  for  energy  [24,30], 
These  attributes  are  usually  identified  on  an  ad  hoc  basis  through 
document  studies  and  focus  group  research  [24,31].  However, 
these  methods  are  limited  when  it  comes  to  generalization;  they 
do  not  take  into  account  how  the  population  as  a  whole  perceives 
an  attribute.  Moreover,  in  the  eyes  of  the  broader  population, 
attributes  identified  in  this  manner  can  have  conceptual  overlaps. 
Therefore,  it  is  desirable  to  identify  a  list  of  generic  attributes  of 
what  the  public  considers  when  comparing  energy  technology 
options.  Identifying  this  set  of  generic  attributes  -  from  a  large 
sample,  in  a  rigorous  quantitative  manner  -  provides  a  robust 
input  for  future  studies  that  estimate  preferences  for  energy 
technologies.  Further,  this  approach  can  enrich  the  public  debate 
and  aid  policymakers  by  comparing  and  choosing  between  tech¬ 
nological  alternatives.  Finally,  when  asked  for  their  opinions, 
individuals  usually  ‘selectively  use  information  that  is  part  of  the 
immediate  task  description,  as  well  as  information  that  is  drawn 


selectively  from  memory  or  from  various  sources,  such  as  what 
they've  heard,  read  or  seen  on  the  news,  to  construct  a  response 
on  the  spot’  [32 1.  This  means  that  individuals  often  lack  a  full  body 
of  knowledge  about  a  technology  [14,29],  which  leads  to  opinions 
that  can  change  easily  over  time  [33],  Identifying  the  most 
important  attributes  of  energy  technologies  provides  decision 
criteria  that  can  aid  the  public  when  choosing  between  technolo¬ 
gical  alternatives.  The  result  is  that  individuals  can  make  well- 
meaning  and  persistent  choices.  This  can  strengthen  the  position 
of  the  public  and  its  representatives  in  the  political  decision¬ 
making  process. 

The  aim  of  this  paper  is  threefold.  First,  we  identify  a  set  of 
generic  attributes  that  are  considered  by  the  public  when  forming 
their  preferences  for  energy  alternatives.  To  this  end,  we  reduce  the 
long  list  of  characteristics  of  energy  technologies  to  a  small  number 
of  comprehensible  and  non-overlapping  attributes.  Second,  we  aim 
to  explore  how  these  attributes  are  related  to  the  use  of  information 
sources.  Including  the  sources  that  people  use  for  information 
gathering  is  important  because  it  allows  actors  in  the  debate  to 
design  communication  strategies  that  inform  the  public  about  new 
or  existing  technologies  and  supporting  policies.  Third,  by  relating 
the  valuation  of  attributes  to  variables  such  as  environmental 
awareness  and  prior  knowledge  about  energy  technologies  as  well 
as  a  set  of  socio-demographic  control  variables,  we  show  that  the 
heterogeneity  of  respondents  partly  explains  preferences  for  attri¬ 
butes.  Therefore,  we  add  to  earlier  studies  that  explore  hetero¬ 
geneous  preferences  in  the  domain  of  energy  and  the  environment 
[24,27,34,35],  Further,  this  enables  a  better  understanding  of  these 
preferences  and  provides  opportunities  for  policymakers  and  other 
participants  in  the  energy  debate  to  formulate  communication 
strategies  that  target  specific  segments  of  the  population. 

Our  empirical  data  consist  of  a  survey  with  451  respondents 
from  the  Dutch  province  of  Utrecht.  In  the  Netherlands,  policies 
are  currently  being  implemented  to  guide  the  transition  towards  a 
more  sustainable  energy  system  (see  [36]),  and  many  experiments 
with  new  forms  of  energy  production  are  being  conducted.  This 
makes  the  Netherlands  a  suitable  research  case. 

In  the  following  section,  we  provide  a  short  background  on  the 
importance  of  public  preferences  for  attributes  and  on  how  to 
identify  them  and  we  further  define  the  concepts  and  describe 
the  models  used.  In  Section  3,  our  empirical  research  methods  are 
described.  The  results  are  presented  in  Section  4.  Finally,  Section  5 
ends  with  conclusions  and  implications. 


2.  Public  preferences  and  the  energy  debate 

Public  attention  on  the  negative  characteristics  of  energy  produc¬ 
tion  and  consumption  has  increased  over  the  past  few  decades. 
Acidification  problems  due  to  (coal-fired)  power  plants  received 
attention  in  the  1980s  and  1990s  and  led  to  the  increased  use 
of  filtering  techniques  on  power  plants  [37],  The  nuclear  accidents  at 
Three  Mile  Island  and  Chernobyl  led  to  a  stagnation  in  the  building  of 
new  nuclear  power  plants  in  the  US  and  Europe  [38],  Currently,  the 
energy  debate  is  largely  influenced  by  the  potential  climate  effects  of 
carbon  dioxide  emissions  resulting  from  the  firing  of  fossil  fuels, 
although  the  catastrophe  at  Fukushima  has  also  reinvigorated  the 
debate  about  nuclear  energy.  Increasing  the  use  of  renewable  energy 
sources  is  a  potential  solution  to  the  climate  problem  [39], 

Many  governments  strive  for  an  energy  system  that  is  clean, 
safe,  and  affordable.  However,  most  of  the  available  energy  sources 
have  (serious)  drawbacks,  and  no  single  energy  source  can  resolve 
all  problems.  The  energy  system  of  the  future  will  therefore  (also) 
be  a  mix  of  several  energy  sources.  This  means  that  trade-offs 
between  attributes  will  have  to  be  made  in  such  a  manner  that 
sufficient  public  support  is  gathered  [40],  Generally,  the  public 
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support  for  renewable  energy  is  high  [41],  but  it  remains  unclear 
which  set  of  energy  technologies  is  preferred  and  what  the 
support  for  renewable  energy  is  precisely  based  on.  The  societal 
and  political  debate  is  thus  about  what  mix  of  energy  sources 
would  best  fit  the  targets  of  a  sustainable  energy  system. 

This  debate  is  quite  difficult  for  a  number  of  reasons.  First,  it  is 
impossible  to  make  a  ‘rational’  or  ‘scientific'  choice  between  energy 
sources  because  many  facts  are  uncertain  or  disputed.  Second, 
preferences  are  not  homogenously  distributed,  but  vary  among  the 
population  [42],  Third,  simply  asking  people  which  energy  sources  or 
technologies  they  prefer  is  inadequate,  because  the  choices  would  in 
many  cases  be  based  on  veiy  partial  analyses  [43].  At  the  point  of 
measurement,  public  preferences  are  often  constructed  based  on  a 
limited  amount  of  knowledge,  situational  influences  [32],  affect 
images,  cultural  values  [44],  motivation  [45],  and  the  (sometimes 
incomplete)  set  of  alternatives  presented.  The  result  is  that  the  public 
opinion  found  in  many  surveys  does  not  necessarily  represent  the 
real  preferences  the  public  actually  has. 

A  partial  remedy  is  to  focus  on  a  comparison  of  the  attributes  of 
energy  technologies.  Despite  the  fact  that  individuals  are  not 
always  able  to  completely  understand  the  technology  as  a  whole, 
they  are  able  to  understand  the  individual  parts  and  properties  - 
i.e.  the  attributes  -  that  comprise  the  technology.  This  reduces  the 
chance  that  misunderstandings  play  a  role  in  the  measurement  of 
preferences  for  a  future  energy  system. 

3.  Research  model 

This  study  takes  an  inductive  approach  rather  than  a  deductive 
approach  with  regard  to  theory.  We  discuss  preferences  for  the 
attributes  of  energy  technologies  and  explore  stepwise  how  they 
are  related  to  other  concepts.  In  the  first  step,  we  explore  the 
relationship  between  attribute  preferences  and  the  use  of  infor¬ 
mation  sources.  Second,  we  add  prior  knowledge,  environmental 
awareness,  and  socio-demographics  to  the  model  as  predictors  of 
attribute  preferences  and  the  use  of  information  sources.  This 
results  in  the  conceptual  model  displayed  in  Fig.  1. 

3.1.  Attributes  of  energy  technologies 


Following  Blackwell  et  al.  [46],  preferences  represent  attitudes 
towards  one  object  in  relation  to  another.  Preferences  for  attributes 
imply  that  one  attribute  of  a  technology  is  valued  over  another. 


Fig.  1.  The  conceptual  model.  First  use  of  information  sources  is  related  to 
preferences  for  attributes  of  energy  technologies  (gray  area),  second  prior  knowl¬ 
edge,  environmental  awareness  and  socio-demographics  are  added  as  predictors. 


For  example,  price  might  be  considered  to  be  more  important  than 
environmental  impact.  To  find  the  relevant  attributes,  we  must  take 
into  account  all  the  possible  characteristics  of  a  technology  that 
might  influence  the  respondent's  acceptance  of  it.  In  this  paper,  we 
use  the  term  characteristic  when  we  refer  to  the  property  of  a 
specific  energy  technology  and  the  term  attribute  when  we  refer  to 
a  property  that  is  not  specific  to  a  certain  technology,  but  that  is 
framed  as  a  property  applicable  to  all  the  energy  technologies  under 
consideration. 

3.2.  Use  of  information  sources  in  relation  to  energy 

Preferences  are  not  stable;  over  time,  people  can  change  their 
opinions,  which  means  that,  to  a  certain  extent,  preferences  are 
dynamic  [47],  People's  opinions  are  influenced  by  feedback  from 
their  own  experiences  and  by  external  cues,  such  as  communica¬ 
tion  channels  [48],  Van  Rijnsoever  et  al.  [42],  for  example,  showed 
that  various  types  of  preferences  for  automobile  attributes  are 
related  to  the  use  of  information  sources  by  individuals.  Relating 
preferences  for  attributes  to  the  use  of  information  sources  may 
thus  provide  opportunities  to  influence  these  preferences. 

In  the  literature,  two  types  of  information  searches  are  distin¬ 
guished:  internal  and  external  [46],  An  internal  search  is  nothing 
more  than  an  internal  memory  scan  by  the  individual  for  decision¬ 
relevant  information.  An  external  search  is  the  consulting  of 
external  information  sources  for  decision-relevant  information. 
Four  external  information  sources  can  be  identified  [42,49]:  (1) 
interpersonal  channels;  (2)  mass  media  channels;  (3)  the  WWW; 
and  (4)  retailers.  Interpersonal  channels  refer  to  the  relations  of  an 
individual  with  people  from  his  or  her  social  environment  (e.g. 
friends,  family,  and  colleagues).  Mass  media  channels  are  the 
information  sources  that  do  not  require  direct  local  interaction 
with  the  individual,  such  as  radio,  TV,  and  newspapers.  The  World 
Wide  Web  relates  to  all  information  that  individuals  retrieve  from 
webpages.  Retailers  are  people  who  advise  individuals  about 
energy  as  part  of  their  profession.  In  this  particular  case,  the  most 
notable  example  are  energy  distribution  companies. 

3.3.  Prior  knowledge  about  energy  technologies 

Prior  knowledge  is  defined  as  the  knowledge  that  an  individual 
perceives  to  have  about  a  specific  product  class.  This  definition 
recognizes  the  difference  between  objective  and  subjective  knowl¬ 
edge  [50-53],  Objective  knowledge  is  the  knowledge  the  individual 
actually  has  about  a  topic,  whereas  subjective  knowledge  is  the 
knowledge  the  individual  perceives  to  have.  Generally,  individuals 
tend  to  overestimate  their  levels  of  prior  knowledge  [53,54].  The  level 
of  subjective  knowledge  in  turn  is  determined  by  the  knowledge  the 
individual  actually  has  (objective  knowledge)  and  the  degree  of 
confidence  the  individual  has  about  the  topic  [55];  the  degree  of 
confidence  also  partly  depends  on  the  level  of  objective  knowledge. 
Since  both  knowledge  and  the  level  of  confidence  are  important  for 
constructing  preferences  [32],  we  use  subjective  knowledge  in  the 
remainder  of  this  paper.  Further,  in  the  environmental  domain,  early 
research  found  subjective  prior  knowledge  to  be  related  to  pro- 
ecological  behaviors  [56],  which  makes  the  use  of  this  concept  even 
more  relevant  for  the  current  topic.  In  this  study,  subjective  knowl¬ 
edge  is  related  to  preferences  for  attributes  about  energy  technologies 
and  the  use  of  information  sources. 

Research  has  shown  that  subjective  knowledge  is  related  to  the  use 
of  information  sources  [57,58],  although  the  direction  of  the  relation¬ 
ship  is  debated  [59],  It  is  often  assumed  that  (socially  desirable)  public 
preferences  are  hampered  by  a  (perceived)  knowledge  deficit  among 
the  public  and  that  education  and  information  provision  can  improve 
the  formulation  of  these  preferences,  although  this  view  has  also 
been  criticized  [60],  In  order  to  communicate  information  to  the 
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public,  it  is  important  to  relate  subjective  prior  knowledge  to  the  use 
of  information  sources. 

3.4.  Environmental  awareness 

Environmental  awareness  reflects  the  extent  to  which  the 
individual  cares  about,  or  is  involved  with,  current  environmental 
problems.  The  energy  debate  is  often  framed  in  the  context  of 
environmental  problems.  The  use  of  fossil  fuels,  for  example,  is 
often  related  to  climate  change.  A  higher  degree  of  involvement 
provides  extra  motivation  to  the  individual  to  consider  his  or  her 
preference  order  [45],  which  contributes  to  a  better  considered 
final  choice.  In  this  paper,  we  distinguish  between  attitudinal  and 
behavioral  environmental  awareness.  Previous  studies  have  shown 
that  environmental  attitudes  and  behavior  do  not  always  corre¬ 
spond  [42,61];  therefore,  both  are  considered  here.  Environmental 
attitudes  are  defined  in  this  study  as  an  aggregate  construct  that 
captures  people's  orientation  towards  the  environment  in  a  broad 
sense  [62,63].  Environmental  awareness  is  also  related  to  both 
preferences  for  attributes  and  the  use  of  information  sources. 

3.5.  Socio-demographics 

Previous  studies  have  also  shown  that  socio-demographic 
characteristics  are  associated  with  search  behavior  [58,64-68], 
environmental  behavior,  and  preferences  for  energy  technologies 
[24,27,34,35],  Further,  the  inclusion  of  socio-demographics  can 
provide  valuable  information  for  targeting  a  specific  audience.  The 
following  socio-demographic  variables  are  included:  age,  gender, 
education  level,  income,  the  number  of  inhabitants  of  the  town  of 
residence,  and  homeownership. 

4.  Methods 

Before  turning  to  the  empirical  part,  we  first  describe  the  general 
steps  to  identify  the  attributes.  The  first  step  is  to  formulate  a  list  of 
technological  alternatives.  Important  in  formulating  this  list  is  that 
it  includes  all  alternatives  under  consideration.  Including  only  one 
alternative  leads  to  myopic  decision  making  [32],  but  leaving  out 
specific  technologies  (e.g.  non-renewable  alternatives)  can  also  lead 
to  a  bias  in  attributes.  For  each  technology,  one  needs  to  identify  an 
exhaustive  list  of  characteristics  that  may  affect  public  acceptance. 
These  can  be  identified  through  literature  studies  and  interviews. 
A  distinction  also  needs  to  be  made  between  technical  and  service 
characteristics  [69-71].  The  public  is  generally  not  concerned  about 
technical  characteristics,  but  rather  with  the  effects  of  these 
characteristics.  For  example,  a  gas-fired  plant  has  the  technical 
characteristic  that  natural  gas  is  combusted  to  yield  (mainly)  water, 
carbon  dioxide,  and  heat.  The  latter  is  converted  into  electricity. 
A  desired  service  characteristic  is  that  people  have  electricity  in 
their  houses.  An  undesired  service  characteristic  is  that  the  emis¬ 
sion  of  greenhouse  gases  contributes  to  global  warming.  Public 
preferences  are  measured  for  such  service  characteristics. 

Next,  the  list  of  identified  characteristics  can  then  be  evaluated  by 
a  representation  of  the  population  through  a  structured  question¬ 
naire.  The  main  goal  is  to  reduce  the  long  list  of  characteristics 
identified  to  a  small  number  of  non-overlapping  and  comprehensible 
attributes.  Respondents  attach  a  value  to  each  of  the  characteristics 
identified,  using  a  rating  scale,  ranking  the  characteristics,  or  in  some 
other  form  (see  [72]).  For  long  lists  of  characteristics,  rating  scales  are 
most  convenient.  Jaccard  et  al.  [72]  showed  inconsistencies  between 
different  methods  of  preference  measurement.  It  is  therefore  impor¬ 
tant  to  emphasize  that  the  relative  value  attached  to  the  character¬ 
istics  is  not  as  important  as  the  covariance  between  the  rated 
characteristics. 


It  is  vital  to  minimize  the  overlap  between  attributes,  because 
in  later  analyses  an  overlap  can  lead  to  an  overestimation  of  the 
importance  of  a  certain  attribute.  Methods  such  as  factor  analysis 
can  be  used  to  identify  the  overlaps  among  characteristics  and  to 
reduce  the  number  of  items  to  a  set  of  uncorrelated  attribute 
preferences. 

After  modeling  the  results,  the  final  step  is  to  interpret  the 
model  solution  to  name  the  set  of  attributes  in  such  a  manner  that 
a  broad  audience  can  relate  to  it.  When  interpreting  a  factor 
solution,  one  needs  to  note  that  the  number  of  characteristics  that 
load  on  a  certain  component  says  nothing  about  the  importance 
of  the  attribute.  It  only  implies  that  these  characteristics  were 
correlated  and  that  therefore  there  was  an  overlap.  An  attribute 
based  on  multiple  characteristics  is  as  important  as  an  attribute 
based  on  one  characteristic.  Uncorrelated  components  are  latent 
constructs  that  can  be  named  based  on  the  characteristic  that  load 
on  them. 

An  optional  final  step  is  to  relate  the  attributes  to  other 
variables,  such  as  the  ones  presented  in  our  research  model.  This 
can  be  carried  out  using  separate  regressions  or,  preferably,  a 
structural  equation  model,  which  takes  into  account  the  correla¬ 
tions  between  the  latent  dependent  variables. 

4.1.  Identifying  characteristics 

In  this  study,  we  take  into  account  nine  technologies  when 
identifying  characteristics.  Each  of  these  is  currently  in  use  in  the 
Netherlands,  or  under  consideration  for  use  in  the  short-term: 
(1)  onshore  wind  power,  (2)  offshore  wind  power,  (3)  photovoltaic 
solar  power,  (4)  nuclear  power,  (5)  energy  from  biomass,  (6)  energy 
from  natural  gas,  (7)  energy  from  natural  gas  with  carbon  capture 
and  sequestration,  (8)  energy  from  coal,  and  (9)  energy  from  coal 
with  carbon  capture  and  sequestration.  We  identified  26  service 
characteristics  of  energy  technologies  (Table  1).  This  list  of  char¬ 
acteristics  was  based  on  an  extensive  literature  study  and  validated 
by  experts  that  worked  as  university  researchers  in  the  field  of 
energy  technology  or  energy  innovation.  The  list  was  then  included 
in  a  questionnaire  administered  to  a  sample  of  respondents. 

4.2.  Sample  and  data  collection 

A  total  of  800  questionnaires  were  personally  delivered  to 
households  throughout  the  Dutch  province  of  Utrecht.  Utrecht  is 
a  province  in  the  center  of  the  Netherlands  that  has  1.2  million 
inhabitants.  The  province  has  two  large  cities,  and  numerous 
(rural)  towns  and  villages  of  varying  size.  A  few  days  after  delivery, 
the  completed  questionnaires  were  collected.  A  total  of  451 
households  were  surveyed  in  this  manner.  Quotas  by  sex,  age, 
and  municipality  were  used  to  ascertain  a  representative  sample. 

4.3.  Measurement  and  analysis 

Respondents  rated  the  importance  of  the  26  technology  charac¬ 
teristics  on  a  seven-point  Likert  scale  that  varied  from  very  important 
to  very  unimportant.  A  principal  component  analysis  showed  that 
a  solution  with  five  latent  constructs  (e.g.  unobserved  variables  that 
explain  the  items  in  the  questionnaire)  best  fitted  the  data.  This 
solution  was  modeled  in  a  confirmatory  factor  analysis  using  the 
LISREL  program  [73]  and  the  results  are  presented  in  Table  1.  The 
explained  variance  column  indicates  how  much  variance  the  latent 
construct  explains  of  the  original  questionnaire  item. 

To  measure  the  use  of  information  sources,  statements  were 
posed  about  the  use  of  various  information  sources  when  gathering 
information  about  energy  alternatives.  Respondents  responded  on  a 
five-point  Likert  scale  to  state  from  where  they  received  their 
information.  The  scale  varied  from  fully  disagree  to  fully  agree. 
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Table  1 

The  results  of  the  confirmatory  factor  analysis  indentifying  preferences  for  attributes  of  energy  technologies.  RMSHA  — 0.080,  N FI— 0.96,  Chi-square=986.18  with  d.f.  =276. 


Indicator:  how  important  do  you  find  the  following  aspects 
when  developing  new  energy  technologies 

Mean 

S.D. 

Explained  variance 

Construct 

-  Risks  when  storing  waste  products 

6.08 

1.32 

0.74 

-  Negative  effects  on  the  general  health 

6.18 

1.29 

0.42 

-  Radioactivity 

6.16 

1.34 

0.63 

-  Risks  when  producing  the  energy 

6.01 

1.23 

0.76 

-  Storage  of  waste  products 

5.90 

1.32 

0.65 

Risk  of  catastrophes  (indicator  mean:  5.97) 

-  Vulnerability  to  terrorist  attacks 

5.23 

1.70 

0.48 

-  Greenhouse  gas  emissions 

6.04 

1.13 

0.54 

-  Damage  to  the  ecosystem 

6.13 

1.24 

0.53 

-  Risks  when  transporting  fuel  or  waste  products 

6.00 

1.17 

0.83 

-  Indirect  economic  benefits 

5.19 

1.22 

0.41 

-  The  amount  of  available  fuel  in  the  world 

5.28 

1.38 

0.34 

-  Direct  availability  of  the  technology 

5.05 

1.38 

0.45 

-  Changes  in  fuel  price 

5.36 

1.36 

0.55 

Economic  security  (indicator  mean:  5.46) 

-  Additional  employment 

5.47 

1.42 

0.37 

-  Reliable  delivery  of  fuels 

6.06 

1.05 

0.54 

-  Constant  delivery  of  energy 

5.80 

1.25 

0.40 

-  Expected  lifetime  of  a  technology  in  the  own  house 

5.81 

1.13 

0.38 

-  Return  time  on  investment  of  technologies  in  the  own  house 

5.53 

1.36 

0.40 

-  Effort  it  takes  to  obtain  a  technology  in  the  own  house 

5.33 

1.48 

0.45 

-  Costs  of  maintenance  of  technologies  in  the  own  house 

5.50 

1.27 

0.66 

Private  costs  and  discomfort  (indicator  mean:  5.45) 

-  Adjustments  made  to  the  own  house  to  accommodate  a  technology 

5.07 

1.55 

0.52 

-  Investment  costs  for  a  technology  in  the  own  house 

5.47 

1.34 

0.67 

-  Amount  of  space  the  technology  uses 

5.04 

1.40 

0.59 

-  Amount  of  noise  the  technology  makes 

5.64 

1.27 

0.74 

Spatial  impact  (indicator  mean:  5.33) 

-  Effect  on  landscape 

5.32 

1.66 

0.34 

-  Price 

5.47 

1.35 

1.00 

Price  (indicator  mean:  5.47) 

Table  2 

The  results  of  the  confirmatory  factor  analysis  indentifying  different  information  sources  used.  RMSEA=0.082,  NFI=0.94,  Chi-square=  164.62  with  d.f.  =44. 


Indicator:  I  get  information  about  energy  alternatives  using 

Explained  variance 

Latent  construct 

-  My  own  experience 

-  My  own  knowledge 

0.54 

0.53 

Internal  search 

-  My  close  relatives 

0.58 

-  My  friends 

0.69 

Interpersonal  channels 

-  Other  people  in  my  environment 

0.41 

-  Advertisements 

0.68 

-  Commercials 

0.53 

Mass  media  channels 

-  Websites  of  energy  companies 

0.69 

-  Websites  of  independent  organizations 

0.66 

World  wide  web 

-  Search  engines 

0.56 

-  Representatives  of  the  energy  company 

0.58 

Energy  companies 

-  Telephone  information  lines  or  helpdesks 

0.87 

Table  3 

The  indicators  and  measurement  model  for  prior  knowledge. 

Indicator 

Explained  variance 

Latent  construct 

I  know  pretty  much  about  various  energy  technologies 

0.36 

Prior  knowledge 

I  do  not  feel  very  knowledgeable  about  various  energy  technologies3 

0.52 

Among  my  circle  of  friends,  I  am  one  of  the  ‘experts’  on  various  energy  technologies 

0.82 

Compared  to  most  other  people,  I  know  less  about  various  energy  technologies3 

0.67 

When  it  comes  to  energy  technologies,  I  really  do  not  know  a  lot3 

0.63 

a  Items  are  reverse  scored. 


The  exact  operationalization  is  provided  in  Table  2.  The  resulting 
factor  solution  identified  a  set  of  latent  constructs  that  is  equal  to 
the  classification  by  Kiel  and  Layton  [65], 

Prior  knowledge  was  measured  as  subjective  knowledge,  because 
the  choice  for  an  information  search  channel  is  based  on  the  (prior) 
knowledge  the  individual  perceives  to  have.  The  concept  was 


measured  using  the  validated  subjective  knowledge  scale  of  Flynn 
and  Goldsmith  [74],  The  full  measurement  model  for  this  construct  is 
presented  in  Table  3. 

Attitudinal  environmental  awareness  was  measured  using  the 
revised  New  Environmental  Paradigm  scale  by  Dunlap  et  al.  [63], 
This  validated  15-item  scale  contains  four  components.  Since  we 
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Table  4 

The  indicators  and  measurement  model  for  environmental  attitudes. 


Indicator 


Explained  Latent  sub-construct  Latent  construct 

variance 


The  earth  is  like  a  ship  with  very  limited  room  and  resources  0.18 

Humans  are  severely  abusing  the  environment3  0.45 

If  things  continue  on  their  present  course,  we  will  soon  experience  a  0.42 
major  ecological  catastrophe 

Humans  will  eventually  learn  enough  about  how  nature  works  to  be  0.56 
able  to  control  it3 

Human  ingenuity  will  insure  that  we  do  NOT  make  the  earth  unlivable3  0.34 
Humans  were  meant  to  rule  over  the  rest  of  nature3  0.25 

The  balance  of  nature  is  strong  enough  to  cope  with  the  impacts  of  0.35 

modern  industrial  nations3 

The  so-called  ‘ecological  crisis'  facing  humankind  has  been  greatly  0.69 
exaggerated3 

When  humans  interfere  with  nature  it  often  produces  disastrous  0.35 

consequences 

The  balance  of  nature  is  very  delicate  and  easily  upset  0.41 

Plants  and  animals  have  as  much  right  as  humans  to  exist  0.26 


Environmental  attitudes  sub-construct  A  Attitudinal  environmental 

(explained  variance:0.88)  awareness 


Environmental  attitudes  sub-construct  B 
(explained  variance:0.19) 


Environmental  attitudes  sub-construct  C 
(explained  variance:0.51) 


Environmental  attitudes  sub-construct  D 
(explained  variance:0.45) 


3  Items  are  reverse  scored  (NFI=0.90,  RMSEA=0.068). 


only  wanted  one  construct  for  environmental  attitudes,  a  second- 
order  latent  construct  was  modeled  based  on  the  four  components 
shown  using  a  principal  component  analysis.1 *  As  model  perfor¬ 
mance  indicators,  we  used  the  Normed  Fit  Index  (NF1)  and  Root 
Mean  Square  Error  of  Approximation  (RMSEA).  Based  on  these,  a 
separate  confirmatory  factor  analysis  indicated  a  good  fit  with  the 
data  (NFI  =  0.90,  RMSEA=  0.068).  The  confirmatory  factor  analysis 
was  incorporated  in  the  final  model.  The  full  measurement  model 
for  this  construct  is  presented  in  Table  4. 

Behavioral  environmental  awareness  was  measured  as  the 
number  of  environmentally  friendly  behaviors  the  respondent 
displayed.  The  following  behaviors  were  measured:  (1)  buying 
‘green  electricity'  (e.g.  renewable),  (2)  having  more  than  three 
energy-saving  light  bulbs,  (3)  having  a  condensing  boiler,  (4)  hav¬ 
ing  a  water-saving  shower  head,  (5)  having  a  solar  boiler,  (6)  hav¬ 
ing  solar  panels  on  the  roof,  and  (7)  being  a  member  of  an 
environmental  movement. 

With  regard  to  socio-demographics,  the  following  observations 
were  made.  Age  was  measured  in  years  (mean=44.71,  standard 
deviation  (S.D.)=  16.69).  Women  were  a  little  overrepresented 
(53.9%  of  respondents).  Education  level  was  measured  on  an 
ordinal  scale,  which  represented  the  categories  in  the  Dutch 
educational  system.  The  sample  was  slightly  too  highly  educated, 
which  is  common  in  survey  data.  Income  was  measured  on  a 
seven-point  ordinal  scale  with  monthly  household  income  cate¬ 
gories  after  tax  and  social  security  contributions.  The  median 
income  category  was  between  2001  and  3000  Euros  monthly. 
The  number  of  inhabitants  was  measured  on  an  ordinal  four-point 
scale.  The  median  was  between  10,000  and  50,000  inhabitants. 
Finally,  71%  of  respondents  indicated  that  they  owned  their  homes. 
This  means  that  homeowners  were  overrepresented  in  this  sam¬ 
ple;  the  percentage  of  homes  owned  in  the  province  of  Utrecht  is 
59%  [75],  This  is  probably  due  to  a  slight  overrepresentation  of 
respondents  in  rural  areas. 

The  constructs  were  related  to  each  other  according  to  Fig.  1  in 
the  form  of  a  structural  equation  model  using  the  L1SREL  program 
[73].  The  model  was  estimated  in  two  steps:  the  first  step  relates 
the  use  of  information  sources  to  preferences  for  the  attributes 


1  Indicators  with  a  factor  loading  lower  than  0.3  or  that  did  not  load  clearly  on 

only  one  of  the  four  components  were  discarded.  This  happened  to  four  of  the 

original  15  items. 


of  energy  technologies  (indicated  with  a  gray  area  in  Fig.  1).  The 
second  step  expands  this  model  by  adding  prior  knowledge, 
environmental  awareness,  and  socio-demographics.  In  the  models, 
we  allowed  for  covariance  among  the  information  channel  vari¬ 
ables  and  attitudinal  constructs.  In  addition,  error  covariances 
among  the  indicators  were  allowed  if  the  modification  indicated 
that  this  would  significantly  improve  the  model  fit;  this  did  not 
influence  the  main  relationships  between  the  constructs  in  the 
model.  As  model  performance  indicators,  the  RMSEA,  NFI,  and 
model  chi-square  with  degrees  of  freedom  (d.f.)  were  used. 


5.  Results 

5.1.  Factor  analysis:  attributes  of  energy  technologies 

Table  1  also  shows  the  results  of  the  confirmatory  factor 
analysis.  Preferences  for  five  attributes  when  assessing  energy 
technologies  were  described.  When  examining  the  factor  means,  it 
can  be  seen  that  respondents  attach  a  relatively  high  importance 
to  all  characteristics  of  energy  technologies.  This  indicates  a 
general  concern  about  energy  problems. 

The  latent  constructs  that  we  derived  from  the  analysis  were: 

1.  Risk  of  catastrophes:  people  scoring  high  on  this  construct  are 
concerned  about  the  potentially  catastrophic  consequences  a 
technology  might  have.  It  is  interesting  that  people  who  value 
environmental  aspects  as  important  are  also  more  likely  to 
value  the  risk  aspects  of  the  technology  as  important.  This 
contains  all  the  aspects  that  Slovic  [76]  identified  in  the  risk 
perceptions  of  nuclear  energy  (e.g.  unknown,  dread,  uncontrol¬ 
lable,  inequitable,  catastrophic,  and  likely  to  affect  future 
generations).  This  finding  could  be  the  result  of  media  cam¬ 
paigns  that  frame  environmental  problems  in  terms  of  poten¬ 
tially  uncontrollable  risks  and  catastrophes. 

2.  Economic  security:  people  scoring  high  on  this  construct  find  it 
important  that  a  constant  supply  of  energy  is  provided  to  the 
country.  It  mainly  focuses  on  energy  security  and  macroeco¬ 
nomic  issues.  It  also  expresses  concerns  raised  in  public  debate 
about  increasing  energy  dependence  on  politically  instable 
countries  (see  [2,3]). 

3.  Private  costs  and  discomfort:  this  construct  reflects  the  per¬ 
ceived  costs  individuals  have  to  incur  in  order  to  obtain  energy 


Table  5 

The  partial  correlation  matrix. 


Risk  of  catastrophes 

Economic  security  Private  costs  and  discomfort  Price  Spatial  impact  Internal  search 

Interpersonal  channels  Mass  media 

WWW 

Energy  companies 

Economic  security 

0.74 

Private  costs  and  discomfort 

0.58 

0.83 

Price 

0.28 

0.45 

*** 

0.51 

Spatial  impact 

0.75 

*** 

0.81 

0.73 

0.34 

*** 

Internal  search 

-0.08 

-0.13 

* 

-0.07 

-0.02  -0.13 

* 

Interpersonal  channels 

-0.06 

-0.19 

-0.08 

-0.14  -0.14 

0.52 

Mass  media 

0.05 

0.02 

0.05 

0.06  0.06 

0.22 

*** 

0.61 

*** 

WWW 

-0.16 

** 

-0.23 

-0.13 

* 

0  -0.14 

** 

0.4 

0.55 

0.5 

Energy  companies 

-0.2 

-0.21 

-0.2 

-0.07  -0.15 

** 

0.11 

0.3 

0.46 

0.42 

Environmental  attitudes 

0.43 

0.04 

0.04 

-0.12  0.19 

0.13 

0.06 

-0.02 

-0.07 

-0.14 

* 

Prior  knowledge 

-0.06 

-0.17 

** 

-0.12 

** 

-0.05  -0.12 

* 

0.55 

*** 

0.21 

*** 

0.03 

0.25 

*** 

-0.11 

* 

Age 

0.38 

0.36 

0.25 

0.09  0.39 

0.07 

-0.21 

-0.06 

-0.25 

-0.16 

*** 

*** 

*** 

*** 

*** 

*** 

** 

Gender 

0.32 

0.19 

0.2 

0.14  0.29 

** * **  *** 

-0.18 

*** 

0.05 

0.18 

-0.1 

* 

0.03 

Education  level 

-0.11 

* 

-0.21 

-0.15 

-0.08  -0.26 

*** 

0.33 

*** 

0.23 

-0.05 

0.2 

*** 

-0.1 

* 

Income 

0.05 

-0.02 

0.02 

-0.04  0 

0.06 

-0.04 

-0.02 

0.03 

-0.04 

Amount  of  inhabitants 

-0.07 

-0.08 

-0.07 

0.01  -0.14 

** 

-0.01 

0.05 

-0.01 

0.14 

** 

0.05 

Owns  house 

0.15 

** 

0.18 

0.17 

0.01  0.2 

0.14 

*** 

-0.03 

-0.05 

-0.06 

-0.19 

Environmental  behavior 

0.15 

** 

-0.04 

-0.02 

-0.1  0.02 

* 

0.23 

*** 

0.05 

0.01 

0.1 

* 

-0.13 

* 

Environmental  attitudes 

Prior  knowledge 

Age  Gender 

Education  level 

Income 

Amount  of  inhabitants 

Owns  house 

Prior  knowledge 

Age 

Gender 

0.01 

0.09 

0.15 

** 

0.05 

-0.27 

*** 

-0.12 

** 

Education  level 

0.2 

0.26 

-0.15  -0.03 

** 

Income 

0.05 

0.07 

0.16  -0.02 

*** 

0.31 

*** 

Amount  of  inhabitants 

0.07 

-0.02 

-0.09  -0.04 

0.12 

* 

-0.03 

Owns  house 

-0.05 

0.02 

0.33  0.06 

0.12 

2.54 

0.59 

-0.22 

Environmental  behavior 

0.24 

*** 

0.22 

*** 

0.25  -0.08 

*** 

0.09 

1.82 

0.25 

*** 

-0.09 

0.38 

*** 

*  p  <  0.05. 

**  p  <  0.01. 

***  p  <  0.001. 
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from  a  specific  technology.  People  scoring  high  on  this  con¬ 
struct  find  it  important  that  they  do  not  suffer  any  discomfort 
and  have  low  transaction  costs  when  adopting  an  alternative 
form  of  energy.  This  is  mainly  an  issue  with  the  domestic 
micro-generation  of  energy;  obtaining  these  micro-generated 
alternatives  requires  active  effort  (e.g.  searching  for  informa¬ 
tion  about  subsidies),  which  can  be  a  barrier  to  successful 
implementation  [77], 

4.  Spatial  impact:  people  scoring  high  on  this  construct  are 
concerned  about  the  impact  the  technology  might  have  on 
landscapes  and  the  local  environment.  The  prime  technological 
example  that  has  this  attribute  is  onshore  wind  power  [18], 

5.  Price  per  kWh  did  not  load  on  any  of  these  constructs  as 
characteristic.  This  characteristic  is  therefore  modeled  as  a 
separate  construct.  This  reflects  the  economic  competiveness 
of  an  alternative  and  is  an  important  attribute  in  public  debate 
on  all  technologies. 

These  constructs  represent  a  set  of  attributes  that  are  theoretically 
distinct  and  that  apply  to  all  the  energy  alternatives  currently  under 
consideration.  The  principal  component  analysis  modeled  the  five 


attributes  as  uncorrelated  constructs,  while  the  confirmatory  factor 
analysis  (which  allows  covariance  among  the  constructs)  showed 
that  the  constructs  are  distinct  but  related.  The  partial  correlation 
matrix  between  all  latent  variables  (see  [78])  is  presented  in  Table  5. 
The  correlation  matrix  shows  that  the  constructs  are  all  positively 
related  to  each  other,  although  some  more  strongly  than  others. 

5.2.  Model  step  U  relating  preferences  for  the  attributes  of  energy 
technologies  to  the  use  of  information  sources 

Table  6  presents  the  standardized  estimators  of  the  first  model 
step;  each  column  presents  a  different  dependent  variable.  The 
explained  variances  are  relatively  low,  indicating  that  the  use  of 
information  sources  is  only  mildly  associated  with  preferences  for 
the  attributes  of  energy  technologies.  A  general  trend  that  can  be 
discerned  is  that  people  who  use  mass  media  generally  score 
higher  on  all  attributes,  while  people  who  make  more  use  of 
energy  companies  value  the  attributes  as  less  important.  This 
finding  indicates  that  people  who  use  more  mass  media  are  also 
more  concerned  about  energy  problems,  while  people  that  consult 
energy  companies  are  less  concerned. 


Table  6 

Step  1  of  the  model:  relating  preferences  for  attributes  of  energy  technologies  to  use  of  information  sources.  RMSEA=  0.068,  NFI=0.94,  Chi-square=  1881.29  with  d.f.  =605. 


Preferences  for  attributes  of  energy  technologies 

Risk  of  catastrophes 

Economic  security 

Private  costs  and  discomfort 

Spatial  impact 

Price 

Internal  search 

-0.04 

0.04 

0.05 

0.15 

-0.03 

Interpersonal  channels 

-0.04 

-0.23** 

-0.15 

-0.20* 

-0.50*** 

Mass  media 

0.28** 

0.32*** 

0.24** 

0.33** 

0.39** 

WWW 

-0.14 

-0.15* 

-0.06 

-0.10 

0.11 

Energy  companies 

-0.25*** 

-0.18** 

-0.20*** 

-0.17* 

-0.16* 

R2 

0.09 

0.14 

0.09 

0.09 

0.08 

*  p  <  0.05. 

**  p  <  0.01. 
***  p  <  0.001. 


Table  7 

Step  2  of  the  model:  relating  socio-demographics  to  environmental  awareness,  prior  knowledge,  preferences  for  attributes  of  energy  technologies  and  use  of  information 
sources.  RMSEA=0.067,  NF1=0.87,  Chi-square=  4772.41  with  d.f.  =1589. 


Risk  of 
catastrophes 

Economic 

security 

Private  costs 
and  discomfort 

Spatial 

impact 

Price 

Internal 

search 

Interpersonal 

channels 

Mass 

Media 

WWW 

Energy 

companies 

Use  of  information  sources 

Internal  search 

-0.19* 

0.02 

0.05 

-0.12 

0.21* 

Interpersonal  channels 

0.04 

-0.18 

-0.07 

-0.10 

-0.36*** 

Mass  media 

0.04 

0.23* 

0.15 

0.08 

0.23* 

WWW 

0.09 

0.00 

0.07 

0.18* 

0.15 

Energy  companies 

1 

o 

£ 

-0.22*** 

-0.27*** 

-0.14* 

-0.19** 

Environmental  awareness 

Environmental 

0.43*** 

0.09 

0.05 

0.25*** 

-0.14* 

0.13* 

0.07 

0.00 

-0.08 

-0.11 

attitudes 

Environmental 

-0.04 

-0.15** 

-0.13* 

-0.15** 

-0.12* 

0.05 

0.04 

0.04 

0.14** 

-0.02 

behavior 

Prior  knowledge 

0.10 

-0.09 

-0.08 

0.04 

-0.08 

0.46*** 

0.19** 

0.10 

0.19*** 

-0.07 

Socio-demographics 

Age 

0.36*** 

0.29*** 

0.21*** 

0.37** 

0.10 

-0.02 

-0.21*** 

-0.03 

-0.26*** 

-0.11* 

Gender 

0.30*** 

0.14** 

0.18** 

0.28*** 

0.18*** 

-0.07 

0.07 

0.21*** 

-0.05 

0.02 

Education  level 

-0.12* 

-0.10 

-0.13* 

-0.21*** 

-0.02 

0.22*** 

0.17** 

-0.08 

0.10 

-0.10 

Income 

-0.02 

-0.13* 

-0.02 

-0.09 

-0.03 

-0.17** 

-0.15* 

0.08 

0.02 

0.14* 

Amount  of  inhabitants 

0.03 

0.01 

0.00 

-0.07 

0.03 

0.00 

0.03 

-0.01 

0.11* 

0.02 

Owns  house 

0.10 

0.21** 

0.14* 

0.20** 

0.02 

0.19** 

0.11 

-0.14 

-0.04 

-0.20** 

R2 

0.48 

0.30 

0.20 

0.40 

0.14 

0.39 

0.14 

0.05 

0.17 

0.08 

*  p  <  0.05. 

**  p  <  0.01. 
***  p  <  0.001. 
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Further,  people  making  more  use  of  interpersonal  channels  are 
less  concerned  about  economic  security,  spatial  impact,  and  price. 
For  these  respondents,  the  risk  of  catastrophes  and  private  costs 
and  discomfort  are  thus  relatively  more  important  attributes. 
Finally,  people  making  more  use  of  the  WWW  value  economic 
security  less.  These  results  indicate  that  (1)  the  use  of  mass  media 
and  energy  companies  is  related  to  a  general  concern  about  the 
energy  issue  and  (2)  interpersonal  channels  and  the  WWW  are  the 
channels  that  discriminate  best  among  the  preferences. 

5.3.  Model  step  2:  explaining  preferences  for  the  attributes  of  energy 
technologies 

In  step  2  (Table  7),  the  environmental  awareness  variables, 
prior  knowledge,  and  socio-demographics  are  added  to  the  model 
as  predictors  of  both  preferences  for  the  attributes  of  energy 
technologies  and  the  use  of  information  sources.  The  addition  of 
these  variables  leads  to  a  substantial  increase  in  the  explained 
variance.  The  improvement  in  the  explained  variance  for  attribute 
preferences  can  mainly  be  attributed  to  environmental  awareness 
and,  to  a  lesser  extent,  socio-demographics. 

A  consequence  of  adding  the  variables  in  step  2  is  that  most  of 
the  relationships  between  preferences  for  attributes  and  the  use  of 
information  sources  disappear.  Using  energy  companies  remains 
negatively  related  to  most  attribute  preferences,  except  for  spatial 
impact.  In  addition,  interpersonal  channels  remain  negatively 
related  to  price. 

Further,  some  small  new  significant  effects  appear.  Internal 
search  is  negatively  related  to  the  risk  of  catastrophes.  This  finding 
indicates  that  people  making  less  use  of  external  sources  are  less 
concerned  about  the  long-term  risks  of  energy  technologies.  Given 
the  strong  relationships  between  internal  search  and  prior  knowl¬ 
edge  or  education  level,  this  could  be  the  result  of  an  information 
deficit.  Internal  search  is  also  related  to  price.  People  relying 
strongly  on  their  own  experiences  are  thus  more  concerned  about 
the  price  they  pay  for  energy.  The  use  of  the  WWW  for  informa¬ 
tion  is  positively  related  to  spatial  impact  and  price,  but  these 
effects  are  relatively  small  in  terms  of  the  explained  variance. 

Environmental  attitudes  are  strongly  related  to  the  risk  of 
catastrophes.  This  finding  is  unsurprising  since  some  of  the  items 
in  this  attribute  construct  were  related  to  the  environment.  It  is 
interesting  that  environmental  attitudes  are  also  positively  related 
to  spatial  impact,  but  negatively  related  to  price.  Here,  we  see  an 
interesting  trade-off.  When  controlling  for  socio-demographic 
characteristics,  people  with  high  environmental  attitudes  find  it 
important  that  future  energy  technologies  have  a  low  risk  of 
catastrophes  and  low  spatial  impact,  while  they  value  the  price 
they  pay  for  their  energy  less.  Further,  there  are  negative  relation¬ 
ships  between  environmental  behavior  and  all  attributes  except 
the  risk  of  catastrophes.  This  finding  indicates  that  people  who 
display  environmental  behavior  have  different  preferences  than 
those  with  high  environmental  attitudes. 

Age  and  gender  are  related  to  all  preferences  for  attributes, 
except  price.  This  finding  indicates  that  older  people  and  women 
are  more  concerned  about  the  energy  problem  in  general,  which  is 
in  line  with  the  findings  that  women  perceive  risks  in  general 
higher  than  men  [79,80]  and  that  women  care  more  about  the 
environment  [34],  Another  explanation  could  be  that  these  groups 
are  more  inclined  to  agree  when  using  rating  scales  (so-called 
‘yeasaying’,  see  [81]).  In  the  latter  case,  the  addition  of  these 
variables  controls  for  this  measurement  bias.  The  observed  effects 
may  be  the  result  of  a  combination  of  the  two  explanations 
mentioned.  Further,  an  additional  analysis  that  includes  an  inter¬ 
action  between  age  and  gender  showed  that  older  men  value  price 
higher  than  other  groups  (significant  at  p  <  0.01,  full  result  not 
shown  here).  A  further  noteworthy  finding  is  that  more  highly 


educated  people  place  less  importance  on  all  preferences  for 
attributes,  except  for  price  and  economic  security,  which  are  not 
related  to  education  level.  These  negative  relationships  may  also 
be  partially  the  result  of ‘yeasaying';  lower  educated  respondents 
are  usually  more  inclined  to  agree  on  rating  scales  [81  ].  The  effects 
of  income  seem  to  be  limited:  there  is  only  a  negative  effect  on 
economic  security.  This  finding  makes  sense  given  that  higher 
income  households  generally  suffer  more  economic  insecurity 
than  lower  income  households.  The  findings  by  Dominitz  and 
Manski  [82]  confirmed  that  less  resilient  households  are  more 
economically  insecure  An  additional  analysis  (result  not  shown 
here)  showed  that  the  lowest  and  highest  income  groups  are 
somewhat  less  concerned  about  spatial  impact  than  the  other 
income  groups.  Finally,  homeownership  is  positively  related  to 
economic  security,  private  costs  and  discomfort,  and  spatial 
impact.  A  possible  explanation  is  that  homeowners  are  more 
dependent  on  these  attributes  than  non-homeowners.  Economic 
security  relates  to  keeping  a  job,  which  is  important  for  paying  the 
mortgage.  Private  costs  and  discomfort  are  especially  important 
since  homeowners  need  to  make  the  decision  to  renovate  their 
houses  and  pay  for  it.  Finally,  a  large  spatial  impact  may  lead  to 
fears  about  a  lower  property  value  in  the  neighborhood  [83]. 


5.4.  Model  step  2  continued:  explaining  the  use  of  information 
sources 

Internal  search  is  adequately  predicted  by  two  variables:  prior 
knowledge  and  environmental  attitudes.  The  relationship  with 
prior  knowledge  is  in  line  with  earlier  findings  in  a  number  of 
product  domains  [49,84,85].  People  who  score  high  on  environ¬ 
mental  attitudes  are  generally  also  more  knowledgeable  about  the 
environment  and  about  energy  use  [86].  This  finding  explains  the 
positive  relationship  between  environmental  attitudes  and  inter¬ 
nal  search. 

For  different  product  domains,  different  findings  have  been 
reported  on  the  relationship  between  prior  knowledge  and  the  use 
of  external  information  sources  [85],  In  this  instance,  prior  knowl¬ 
edge  is  positively  related  to  the  use  of  interpersonal  channels  and 
the  WWW.  An  additional  analysis  without  the  socio-demographic 
variables  (results  not  shown  here)  also  showed  that  prior  knowl¬ 
edge  is  negatively  related  to  the  use  of  energy  companies  as  an 
information  source,  but  this  effect  is  largely  explained  by  home- 
ownership.  This  result  implies  that  as  people  become  more 
knowledgeable  and  confident  about  the  topic  of  energy,  they  tend 
to  rely  more  on  sources  that  are  independent  of  energy  companies. 
Energy  companies  thus  mainly  inform  a  person  with  a  low 
knowledge  base  and  low  confidence.  Given  the  lower  general 
concern  of  people  using  energy  companies  as  an  information 
source,  this  indicates  that  low  knowledgeable  people  are  likely 
to  be  less  concerned  about  the  problem  than  others,2  probably 
because  energy  companies  in  general  do  not  stress  the  negative 
characteristics  of  energy  technologies. 

Finally,  there  is  a  positive  relationship  between  environmental 
behavior  and  the  use  of  the  WWW  as  an  information  source, 
although  this  effect  is  small  in  terms  of  the  explained  variance. 
These  results  combine  the  utilitarian  and  cognitive  views  about 
the  relationship  between  prior  knowledge  and  search.  Low  knowl¬ 
edgeable  individuals  rely  mostly  on  energy  companies  and  as  their 
knowledge  increases,  they  switch  to  other  sources  such  as  inter¬ 
personal  sources  and  the  WWW  to  find  information.3 


2  This  effect  is  masked  in  the  table  by  other  effects. 

3  We  also  tested  for  an  inverted  U-shaped  relationship,  but  no  significant 
relationship  was  detected. 
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The  socio-demographic  control  variables  are  also  directly 
related  to  the  use  of  information  sources.  Age  is  negatively  related 
to  the  use  of  interpersonal  channels  and  the  WWW,  which  is  in 
line  with  previous  findings  that  older  people  make  less  use  of 
external  information  sources  [65].  A  new  finding  is  that  women 
are  more  likely  to  use  mass  media  as  an  information  source. 
Apparently,  women  are  more  influenced  by  commercials  and 
advertisements  about  the  subject  of  energy  use  than  are  men. 
A  possible  explanation  might  be  found  in  the  evidence  provided  by 
Fisher  and  Dube  [87]  that  women  respond  more  strongly  to 
emotional  advertising  such  as  advertisements  about  the  environ¬ 
ment  or  climate  change.  Men  make  more  use  of  the  WWW;  this 
effect  is  in  line  with  earlier  findings  [85],  Education  level  is 
positively  related  to  internal  search  and  the  use  of  interpersonal 
channels,  which  is  in  line  with  the  findings  by  Kiel  and  Layton  [65] 
and  Van  Rijnsoever  [85].  Income  is  negatively  related  to  internal 
search  and  interpersonal  search,  although  this  effect  is  small  in 
terms  of  the  explained  variance.  Another  new  finding  is  that 
people  who  own  a  house  are  less  likely  to  consult  energy 
companies  directly  than  people  who  rent  a  house.  Homeowners 
rely  more  on  their  own  experiences  through  internal  search. 


6.  Discussion  and  conclusion 

The  aims  of  this  paper  were  threefold.  We  first  explored  which 
generic  attributes  of  energy  technologies  exist.  Second,  prefer¬ 
ences  for  these  attributes  were  related  to  the  use  of  information 
sources  for  gathering  information  about  energy  technologies. 
Finally,  a  set  of  variables  derived  from  the  literature  was  used  to 
explain  preferences  for  the  attributes  of  energy  technologies. 
Following  these  aims,  this  paper  also  has  three  conclusions  that 
can  be  summarized  as  follows:  (1 )  five  generic  attributes  of  energy 
technologies  were  identified;  (2)  prior  knowledge  about  energy 
technologies  explains  the  use  of  information  sources;  and 
(3)  environmental  awareness  explains  preferences  for  attributes. 

This  study  also  has  a  number  of  limitations.  First,  despite  our 
efforts  to  make  the  sample  as  representative  as  possible,  there  was 
an  overrepresentation  of  women,  higher  educated  people,  and 
homeowners.  In  addition,  the  sample  contained  only  451  respon¬ 
dents,  which  is  too  little  for  generalization.  Further,  the  sample 
was  limited  to  the  Dutch  province  of  Utrecht  and  not  the  Nether¬ 
lands  as  a  whole.  However,  the  aim  of  the  study  was  the 
identification  of  the  important  attributes  of  energy  technologies. 
For  this  purpose,  the  sample  does  not  need  to  be  exactly  repre¬ 
sentative.  The  results  of  this  study  are  not  generalizable,  but  they 
can  be  seen  as  indicative  for  future  studies  and  debate.  Studies 
that  aim  to  use  these  attributes  in  order  to  determine  preferences 
for  energy  technologies,  however,  do  need  to  be  representative  for 
the  region  they  wish  to  study. 

Focusing  on  preferences  for  the  attributes  of  energy  technolo¬ 
gies  can  lead  to  a  more  comprehensive  picture  of  public  opinion, 
which  may  be  more  directly  linked  to  people’s  values  than 
preferences  for  energy  technologies.  However,  our  five  attributes 
may  not  encompass  all  of  the  values  that  respondents  attach  to  a 
certain  technology  or  the  energy  system  as  a  whole.  Respondents 
can  have  positive/negative  feelings  about  energy  technologies  that 
are  not  attached  to  a  specific  attribute.  Further,  respondents  may 
be  unaware  of  how  their  choices  depend  on  individual  attributes 
[88];  increasing  this  awareness  may  enhance  the  quality  of  the 
energy  debate.  We  suggest  that  in  any  measurement  of  public 
opinion,  both  the  five  attributes  and  the  technological  alternatives 
themselves  are  included.  This  study  identifies  and  explains  the 
relevant  attributes  of  energy  technologies,  which  can  be  used  as 
input  for  further  research  and  debate. 


It  is  important  to  minimize  the  theoretical  overlap  between 
attributes,  because  in  later  analyses,  an  overlap  can  lead  to  an 
overestimation  of  the  importance  of  a  certain  attribute.  For 
example,  a  respondent  who  opposes  nuclear  energy  might  do  so 
because  of  the  problem  of  radioactive  waste.  The  production  of 
radioactive  waste  has  at  least  two  undesired  attributes:  the 
transportation  of  the  waste  and  the  permanent  storage  of  the 
waste.  The  former  is  a  short-term  problem,  whereas  the  latter  is  a 
long-term  problem.  Both  attributes  might  have  in  common  that  a 
respondent  does  not  like  radioactivity,  and  are  thus  they  likely  to 
be  correlated.  Methods  such  as  factor  analysis  can  be  used  to 
identify  the  overlap  among  characteristics  and  to  reduce  the 
number  of  items  to  a  set  of  uncorrelated  attribute  preferences. 

Finally,  the  relationships  described  were  formulated  in  a  non- 
causal  manner  because  our  research  method  does  not  allow  for 
causal  inferences.  This  issue  should  be  taken  into  account  when 
considering  theoretical  and  policy  implications  based  on  these 
results. 

Based  on  our  results,  a  number  of  avenues  for  further  research 
can  be  identified.  First,  the  attribute  preferences  identified  can 
form  the  basis  for  further  research  with  regard  to  the  public 
acceptance  of  energy  technologies.  They  can  be  used  in  qualitative 
case  studies  as  evaluation  criteria.  We  encourage  researchers  to 
apply  the  attributes  in  quantitative  choice  experiments.  These 
attributes  can  also  be  used  in  a  conjoint  analysis  to  evaluate  their 
relative  importance  and  thus  help  establish  a  ranking  of  preferred 
technologies.  In  this  study,  respondents  provided  the  highest  score 
to  the  long-term  construct,  the  risk  of  catastrophes.  It  may  be 
interesting  to  study  how  people  value  the  attributes  in  their 
choices  of  an  energy  system  that  directly  affects  individual  utility 
in  comparison  to  the  attributes  that  have  more  impact  on  society 
as  a  whole. 

Further,  it  is  important  to  evaluate  whether  the  public  bases  its 
choices  on  rational  attributes  only  or  whether  hedonic  aspects 
(such  as  emotions  and  reputation)  also  play  a  role  in  evaluating 
energy  technologies.  This  can  be  studied  using  in-depth  qualitative 
methods  and  linking  the  preferences  for  specific  attributes  to 
preferences  for  specific  energy  technologies.  Finally,  the  current 
study  focused  only  on  energy  technologies.  However,  the  method 
used  is  also  applicable  to  other  technologies.  For  example,  Van 
Rijnsoever  et  al.  [42]  successfully  identified  three  attribute  pre¬ 
ferences  for  cars. 

Finally,  this  study  has  some  policy  implications.  Public  accep¬ 
tance  is  an  increasingly  important  factor  in  the  energy  debate. 
Instead  of  focusing  on  specific  technologies,  this  paper  focused  on 
preferences  for  the  attributes  of  energy  technologies  that  can  help 
decide  which  set  of  technologies  should  comprise  future  energy 
systems.  The  five  identified  attributes  can  be  seen  as  a  clear  set  of 
factors  that  need  to  be  taken  into  account  by  policymakers  and 
other  participants  in  public  debate.  Next,  these  attributes  can  help 
the  public  make  a  well-considered  decision  about  which  technol¬ 
ogy  is  preferred.  As  mentioned  earlier,  these  attributes  form  a 
point  of  departure,  but  they  are  by  no  means  the  only  factors  to 
consider  in  public  debate. 

The  results  demonstrated  that  two  underlying  factors  are 
important  with  regard  to  preference  formation:  knowing  and 
caring.  Knowing  (or  prior  knowledge)  is  crucial  to  gathering  more 
information  and  confidence,  while  caring  (or  environmental 
awareness)  promotes  making  trade-offs  between  attributes.  Both 
factors  are  required  for  the  public  to  formulate  well-informed 
preferences.  In  order  to  gain  public  support  for  a  transition  to  a 
new  energy  system,  policymakers  and  stakeholders  need  to  design 
strategies  to  objectively  communicate  information  to  the  public 
about  the  technological  options  and  to  give  the  public  the  feeling 
that  it  is  qualified  to  make  a  decision  about  this  topic  (e.g. 
increasing  the  level  of  confidence). 
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Further,  awareness  about  the  necessity  of  an  energy  transition 
needs  to  be  increased.  Preferably,  this  awareness  should  not  only 
focus  on  environmental  aspects,  but  also  focus  on  other  problems 
such  as  the  security  of  supply  and  on  the  trade-offs  that  exist 
between  the  attributes.  The  relationships  indicated  in  our  model 
can  form  a  point  of  departure  for  these  strategies. 

Policymakers  can  also  influence  the  attributes  themselves. 
Some  attributes  can  be  influenced  by  stimulating  further  techno¬ 
logical  development  (e.g.  reducing  the  risk  of  catastrophes),  while 
other  attributes  can  be  influenced  by  other  policy  measures.  For 
example,  in  many  countries  solar  power  is  subsidized,  but  it  may 
require  a  lot  of  individual  effort  to  obtain  these  subsidies. 

Taking  the  results  of  this  study  into  account  may  enable  a 
transition  towards  a  future  energy  system  that  balances  the  risk  of 
catastrophes,  economic  security,  private  costs  and  discomfort, 
spatial  impact,  and  price  in  such  a  way  as  to  ensure  maximum 
public  support.  Policymakers  should  realize,  however,  that  these 
preferences  are  heterogeneously  distributed  among  the  popula¬ 
tion  [89],  It  is  therefore  impossible  to  find  a  solution  that  satisfies 
everyone  completely. 
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